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Abstract
Background: Childhood maltreatment has been consistently associated with
cardiovascular disease (CVD). However, the mechanisms of this relationship are not
yet fully understood. We explored the relative contribution of anxiety/depression,
smoking, body mass index (BMI) and inflammation (C-reactive protein, CRP) to the
association between childhood maltreatment and CVD in men and women aged
40–69 years in the UK.
Methods: We used data from 40 596 men and 59 511 women from UK Biobank. To
estimate the indirect effects of childhood maltreatment (physical, sexual and emotional
abuse, and emotional and physical neglect) on incident CVD via each of the mediators,
we applied a sequential mediation approach.
Results: All forms of maltreatment were associated with increased CVD risk [hazard
ratios (HRs) ranging from 1.09 to 1.27]. Together, anxiety/depression, smoking, BMI
and inflammation (indexed by CRP) mediated 26–90% of the association between
childhood maltreatment and CVD, and the contribution of these mediators differed
by type of maltreatment and sex. Anxiety/depression mediated the largest propor-
tion of the association of sexual abuse, emotional abuse and emotional neglect with
CVD (accounting for 16–43% of the total effect), especially in women. In men, BMI
contributed the most to the indirect effect of associations of physical abuse
and physical neglect with CVD; in women, anxiety/depression and BMI had similar
contributions.
VC The Author(s) 2021. Published by Oxford University Press on behalf of the International Epidemiological Association. 1
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unre-
stricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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Conclusions: These findings add to the understanding of how childhood maltreatment
affects CVD risk and identify modifiable mediating factors that could potentially reduce
the burden of CVD in people exposed to maltreatment in early life.
Key words: Childhood maltreatment, cardiovascular disease, intermediate confounding, sequential mediation
analysis, UK Biobank
Introduction
There is a robust association between childhood maltreat-
ment and cardiovascular disease (CVD) risk in later life,1
but the mechanisms underlying this relationship are not
fully understood.2 Three main pathways are commonly
postulated: behavioural (e.g. smoking, unhealthy diet/over-
eating and physical inactivity), mental health (e.g. mood,
anxiety and depressive disorders) and biological factors
(alterations in the immune, metabolic, neuroendocrine and
autonomic nervous systems).2–4 However, few studies have
explicitly tested and/or quantified these mechanisms with
comprehensive mediation models,2,5 and it is not clear to
what extent the association between childhood maltreat-
ment and CVD acts through these proposed pathways or
via other mechanisms.Most studies have assessed child-
hood adversities as a summary score5,6 and, to the best of
our knowledge, no study has explored whether the mecha-
nisms of this association differ according to the type of
maltreatment suffered. Moreover, there is some evidence
of sex differences in the association between childhood
maltreatment and CVD, though with inconsistent pat-
terns.1,7,8 The few studies that explored potential sex-spe-
cific mechanisms found similar results in men and
women.3,7
In this study, we used data from UK Biobank and
applied sequential causal mediation analysis9 using
g-computation10 to estimate the relative contribution of
anxiety/depression, smoking, body mass index (BMI) and
inflammation to the association between childhood mal-
treatment and CVD. This approach allows us to estimate
the combined and individual contributions of each media-
tor, based on a causal order, whilst handling intermediate
confounding. We also explored possible differences by sex
and by type of maltreatment.
Methods
UK Biobank recruited 502 524 participants aged 40–69 years
between 2006 and 2010.11 In 2016, participants who pro-
vided an e-mail address (n¼ 339 092) were invited to com-
plete an online mental health questionnaire, which included
questions about their experiences of maltreatment in child-
hood.12 In total, 158 835 participants responded the online
questionnaire (47% of those e-mailed)12 and 157 311
responded to at least one question about childhood maltreat-
ment. We excluded participants with CVD at baseline
(n¼ 47 650; details in Supplementary Material, available as
Supplementary data at IJE online), as information on media-
tors was collected at baseline and prevalent disease could af-
fect these. We also excluded those with incomplete data on
mediators and confounders. Altogether, 40 596 men and
59 511 women were included in the analyses (Supplementary
Figure S1, available as Supplementary data at IJE online).
The majority (91.3%) of the eligible sample had complete
Key Messages
• Although there is a robust association between childhood maltreatment and cardiovascular disease (CVD), the
mechanisms underlying this relationship are not fully understood.
• Together, anxiety/depression, smoking, body mass index (BMI) and inflammation mediated 26–90% of the
association between childhood maltreatment and CVD.
• The contribution of the mediators differed by type of maltreatment and by sex.
• Anxiety/depression mediated the largest proportion of the association of sexual abuse, emotional abuse and
emotional neglect with CVD (16–43%), especially in women.
• BMI contributed the most to the indirect effect of associations of physical abuse and physical neglect with CVD in
men (20%), whereas, in women, anxiety/depression and BMI had similar contributions (13–27%).
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data on all mediators and confounders, and, after accounting
for covariates, missingness was not associated with the out-
come or the exposures, apart from a lower likelihood of
reporting physical neglect in those with complete data
(Supplementary Table S1, available as Supplementary data at
IJE online). In this scenario, complete case analysis is unlikely
to introduce bias.13
Childhood maltreatment was assessed using the
Childhood Trauma Screener14 and classified into: physical,
sexual and emotional abuse, and emotional and physical
neglect. CVD incident cases were extracted from hospital
and death registers after baseline assessment and coded
according to the International Classification of Diseases
(ICD-10 codes: I00–I99). At the time of analysis, hospital
admission data were available up to 31 March 2017 and
death-registers data were available until February 2018.
We considered anxiety/depression, smoking, BMI and in-
flammation, indexed by C-reactive protein (CRP), all
assessed at baseline (2006–2010), as potential mediators.
Information on age, year of birth, ethnicity, maternal
smoking around birth, number of siblings and family his-
tory of CVD was obtained at recruitment and used as base-
line confounders in our analysis. As UK Biobank lacks
information on childhood socio-economic position (SEP),
we used maternal smoking, number of siblings and family
history of CVD as proxies, considering their socio-eco-
nomic patterns.15
Given the long lag time between exposure to childhood
maltreatment and the emergence and/or assessment of the
potential mediators, other factors, such as adult SEP,16
might be affected by childhood maltreatment but also con-
found the association between potential mediators and
CVD (i.e. intermediate confounding). We considered
Townsend deprivation index and educational attainment
as intermediate confounders.
Further details on how the exposures, mediators and
confounders were assessed and categorized are presented
in Supplementary Material, available as Supplementary
data at IJE online.
Statistical analysis
All analyses were conducted using Stata version 15.1
(Statacorp, College Station, TX). We used Cox propor-
tional hazards models to estimate hazard ratios (HRs) and
95% confidence intervals (95% CIs) for the associations
between childhood maltreatment and CVD, and between
the mediators and CVD. Contributions to risk were cen-
sored at the first CVD event, death for any reason or end
of follow-up. The timescale for the Cox model was calen-
dar year. We used linear regression to assess the associa-
tions of childhood maltreatment with both BMI and CRP,
and logistic regression to assess the associations with anxi-
ety/depression and smoking. Analyses were performed
unadjusted and adjusted for potential confounders; base-
line confounders were used for exposure–outcome and ex-
posure–mediator associations, and baseline and
intermediate confounders were used for mediator–outcome
associations.
Mediation analysis
The proposed causal diagram for the relationships between
childhood maltreatment and CVD is shown in Figure 1.
We assumed that childhood maltreatment leads to anxiety/
depression,17 which influences smoking,18 then adiposity19
and results in changes in inflammatory markers.20,21 Adult
SEP, which is affected by childhood maltreatment,16 might
also confound the association of behavioural, mental
health and biological factors with CVD,15 and therefore
was considered an intermediate confounder. An intermedi-
ate confounder is a variable that affects both the mediators
and the outcome, and is affected by the exposure itself.
To decompose the effect of each type of childhood mal-
treatment on CVD risk into natural indirect effect (NIE,
i.e. acting through the mediators) and natural direct effect
(NDE, i.e. not acting through the mediators), we used
parametric g-computation using Monte Carlo simulations,
performed using the Stata command gformula.10 This ap-
proach can handle intermediate confounding.
As we were interested in the combined contribution of
the set of mediators, but also of each individual mediator,
we performed sequential mediation analysis.9,22 This ap-
proach allows mediation analysis using multiple related
mediators, based on the assumption of a causal ordering of
the mediators. We estimated four models (Figure 2), detailed
in Supplementary Material, available as Supplementary data
at IJE online.
All analyses were performed stratified by sex, given pre-
viously reported sex differences in the association between
childhood maltreatment and CVD and the scarcity of stud-
ies exploring sex differences in the mechanisms of this as-
sociation. We compared the NDE and NIE between men
and women by examining the point estimates and their
95% CIs.
Sensitivity analysis
Sequential mediation analysis requires a causal ordering of
the mediators.9 However, the temporal and causal order is
arguable for this set of mediators. Observational studies
suggest a bidirectional relationship between depression
and BMI,23 and Mendelian randomization studies (i.e. us-
ing genetic variants as instrumental variables) support a
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causal role for higher BMI on the likelihood of depression,
which may also be bidirectional.24,25 There is evidence of a
causal effect of smoking on BMI,26,27 but also of BMI on
smoking.28,29 Furthermore, smoking is a risk factor for de-
pression and the genetic liability for depression increases
lifetime smoking.30
As the order in which mediators are included in the sta-
tistical models could potentially influence results, we inves-
tigated in sensitivity analysis the robustness of findings to
the order of inclusion. We first estimated the NIE through
BMI, then added anxiety/depression, then smoking and fi-
nally CRP. The conceptualized causal diagram for these
relationships is shown in Supplementary Figure S2, avail-
able as Supplementary data at IJE online, and the simpli-
fied causal diagram illustrating the estimated paths in each
model is presented in Supplementary Figure S3, available
as Supplementary data at IJE online.
Results
Characteristics of participants without CVD at baseline
who were included and excluded (due to missing data on
any of exposures/confounders/mediators) from analyses
are shown in Supplementary Table S2, available as
Supplementary data at IJE online. Included participants
were more likely to be female and White/British. Men who
were included in the analyses were slightly older, whilst
women were younger. The participants included were also
more likely to experience less deprivation and to have
higher education, fewer siblings, lower prevalence of ma-
ternal smoking, current smoking and anxiety/depression
and higher frequency of alcohol intake than those not in-
cluded in the analyses. Additionally, participants included
were more likely to have lower BMI, CRP, systolic and dia-
stolic blood pressures, use of blood-pressure medication
and lower rates of CVD than those not included.
Both physical abuse and emotional neglect were the
most prevalent types of childhood maltreatment in men
(20.8%) and emotional neglect was the most prevalent in
women (22.3%) (Supplementary Figure S4, available as
Supplementary data at IJE online). The prevalence of all
types of maltreatment was higher in women, except for
physical abuse, which was higher in men. The incidence
rate of CVD was 20.9 per 1000 person-years (95% CI
20.4; 21.4) in men and 14.0 per 1000 person-years (95%
CI 13.7; 14.3) in women.
After adjusting for baseline confounders, all types of
childhood maltreatment were associated with higher risk
of incident CVD in both men and women, with HR vary-
ing from 1.09 to 1.27 (Supplementary Table S3, available
as Supplementary data at IJE online). Associations were
overall similar for all types of maltreatment but were
Figure 1 Assumed causal diagram of the association between childhood maltreatment and cardiovascular disease (CVD)
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Figure 2 Simplified causal diagrams illustrating estimated paths in Models 1–4
The natural direct effect (NDE) is illustrated by the grey lines and the natural indirect effect (NIE) by the black lines.






/ije/advance-article/doi/10.1093/ije/dyab085/6285564 by guest on 28 June 2021
slightly stronger for emotional abuse, especially in women.
There was little evidence of sex differences, except for a
stronger association between emotional neglect and CVD
in women.
Childhood maltreatment was associated with higher
BMI and CRP, and with higher odds of smoking and of
anxiety/depression in both sexes (Supplementary Table S4,
available as Supplementary data at IJE online). The excep-
tions were for the associations between emotional neglect
and BMI, and between physical neglect and smoking in
men. There was some evidence of stronger associations in
women between childhood maltreatment and potential
mediators. All mediators were associated with higher risk
of incident CVD (Supplementary Table S5, available as
Supplementary data at IJE online). The associations did
not differ by sex, except for the association between anxi-
ety/depression and CVD, which was stronger in women.
Tables 1 and 2 show the total causal effect (TCE), NDE
and NIE of the associations between childhood maltreat-
ment and CVD in men and women, respectively, as well as
the proportion of the total effect explained by the media-
tors individually and in combination. Anxiety/depression,
smoking, BMI and CRP mediated 26–40% of the associa-
tions between childhood maltreatment and CVD in men
and 30–90% of the associations in women. Overall, these
mediators explained a greater proportion of the associa-
tions in women; e.g. the four mediators together explained
90% of the association between sexual abuse and CVD in
women, compared with 34% in men.
The contribution of the mediators to the association be-
tween childhood maltreatment and CVD varied by type of
maltreatment and sex. For sexual abuse, emotional abuse
and emotional neglect, anxiety/depression explained the
highest proportion of the indirect effect, accounting for
16–43% of the total effect, with higher proportions ob-
served in women (Tables 1 and 2 and Figure 3). For physi-
cal abuse and physical neglect, BMI contributed the most
to the indirect effect in men and, in women, both anxiety/
depression and BMI had similar contributions.
Sensitivity analysis
When we first included BMI, then anxiety/depression, then
smoking and finally CRP, the proportion explained by
each mediator changed only slightly (Supplementary
Tables S6 and S7 and Supplementary Figure S5, available
as Supplementary data at IJE online) and the conclusions
regarding the main mediators of the associations between
childhood maltreatment and CVD did not change.
Table 1 Estimated odds ratios for the association between childhood maltreatment and cardiovascular disease in men
CVD Maltreatment Mediators TCE NDE NIE Proportion
mediated
Additional
contributionOR (95% CI) OR (95% CI) OR (95% CI)
Any CVD Physical abuse Anxiety/depression 1.13 (1.06; 1.21) 1.12 (1.05; 1.19) 1.01 (1.00; 1.02) 10.2 –
þ Smoking 1.13 (1.06; 1.21) 1.11 (1.04; 1.18) 1.02 (1.01; 1.03) 18.2 8.0
þ BMI 1.13 (1.06; 1.21) 1.08 (1.01; 1.15) 1.05 (1.03; 1.06) 37.7 19.5
þ CRP 1.13 (1.06; 1.21) 1.08 (1.01; 1.15) 1.05 (1.03; 1.06) 39.6 1.9
Sexual abuse Anxiety/depression 1.17 (1.04; 1.30) 1.13 (1.02; 1.26) 1.03 (1.01; 1.06) 21.0 –
þ Smoking 1.17 (1.04; 1.30) 1.13 (1.01; 1.27) 1.03 (1.00; 1.07) 22.8 1.8
þ BMI 1.17 (1.04; 1.30) 1.12 (0.99; 1.25) 1.05 (1.01; 1.08) 31.3 8.5
þ CRP 1.17 (1.04; 1.30) 1.10 (0.99; 1.24) 1.05 (1.01; 1.09) 34.0 2.6
Emotional
abuse
Anxiety/depression 1.19 (1.10; 1.29) 1.16 (1.07; 1.26) 1.03 (1.00; 1.05) 16.5 –
þ Smoking 1.19 (1.10; 1.29) 1.15 (1.06; 1.25) 1.04 (1.01; 1.06) 21.2 4.7
þ BMI 1.19 (1.10; 1.29) 1.13 (1.04; 1.23) 1.05 (1.02; 1.08) 31.7 10.5
þ CRP 1.19 (1.10; 1.29) 1.13 (1.04; 1.22) 1.05 (1.03; 1.08) 32.5 0.8
Emotional
neglect
Anxiety/depression 1.10 (1.03; 1.17) 1.09 (1.02; 1.16) 1.01 (1.00; 1.03) 15.7 –
þ Smoking 1.10 (1.03; 1.17) 1.08 (1.02; 1.15) 1.02 (1.00; 1.04) 20.8 5.1
þ BMI 1.10 (1.03; 1.17) 1.08 (1.01; 1.15) 1.02 (1.01; 1.04) 24.7 3.9
þ CRP 1.10 (1.03; 1.17) 1.07 (1.00; 1.14) 1.02 (1.01; 1.04) 26.1 1.5
Physical
neglect
Anxiety/depression 1.18 (1.10; 1.27) 1.17 (1.09; 1.26) 1.01 (1.00; 1.02) 6.2 –
þ Smoking 1.18 (1.10; 1.27) 1.18 (1.09; 1.26) 1.01 (1.00; 1.02) 4.9 1.2
þ BMI 1.18 (1.10; 1.27) 1.14 (1.06; 1.22) 1.04 (1.03; 1.06) 26.1 21.2
þ CRP 1.18 (1.10; 1.27) 1.13 (1.05; 1.21) 1.04 (1.03; 1.06) 27.0 0.9
BMI, body mass index; CRP, C-reactive protein; CVD, cardiovascular disease; NDE, natural direct effect; NIE, natural indirect effect; TCE, total causal
effect.
Adjusted for age, year of birth, ethnicity, maternal smoking, number of siblings and family history of cardiovascular disease as baseline confounders, and for
education and Townsend deprivation index as intermediate confounders.
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Discussion
This study assessed the role of anxiety/depression, smok-
ing, BMI and inflammation in the relationship between
childhood maltreatment and incident CVD in men and
women aged 40–69 years in the UK using a sequential me-
diation approach. We showed that together these factors
mediated 26–90% of the modest associations between
childhood maltreatment and CVD (HR ranging from 1.09
to 1.27). A higher proportion of the association between
childhood maltreatment and CVD was explained by this
set of mediators in women than in men and anxiety/depres-
sion seemed to have a particularly important role for
women, although indirect effects via some mediators were
small in magnitude.
Longitudinal studies have shown that mental health has
an important mediating effect in the association between
childhood adversity and CVD alongside traditional CVD
risk factors, such as smoking, unhealthy diet, obesity and
physical inactivity.3,5,7,31 Similarly, we found that mental
health explained more of the association of sexual abuse,
emotional abuse and emotional neglect with CVD than
BMI, smoking and inflammation, particularly in women.
Most previous studies assessed the mediating role of men-
tal health independently of other health behaviours,
without taking the relationships between them into ac-
count, including a recent study using UK Biobank that
showed that depressive symptoms mediated 56% of the as-
sociation between a summary score of childhood maltreat-
ment and CVD in men and women combined.5 A US
longitudinal study of young adults (mean age 30 years)
used path analysis to consider depressive symptoms along
with other factors and found that depressive symptoms did
not mediate the effect of childhood adversities on CVD
risk factors.32 In our study, the importance of anxiety/de-
pression as a mediator of the association between child-
hood maltreatment and CVD was consistent even when
the order of the mediators was changed.
Women have a greater burden of childhood maltreat-
ment,33 as well as anxiety and depression,34 and depres-
sion has been linked to CVD in both men and women,35,36
including in prospective studies.37,38 The association be-
tween depression and CVD has been shown to be stronger
in women in some39 but not all studies.40 Several mecha-
nisms may link anxiety/depression to CVD; alterations in
the autonomic nervous system, platelet receptors and func-
tion, coagulopathic factors, proinflammatory cytokines,
endothelial function, neurohormonal factors, genetic link-
ages and adverse health behaviours.35 However, causal
Table 2 Estimated odds ratios for the association between childhood maltreatment and cardiovascular disease in women
CVD Maltreatment Mediators TCE NDE NIE Proportion
mediated
Additional
contributionOR (95% CI) OR (95% CI) OR (95% CI)
Any CVD Physical abuse Anxiety/depression 1.16 (1.08; 1.25) 1.12 (1.05; 1.2) 1.04 (1.02; 1.06) 26.9 –
þ Smoking 1.16 (1.08; 1.25) 1.12 (1.04; 1.21) 1.04 (1.02; 1.06) 28.4 1.5
þ BMI 1.16 (1.08; 1.25) 1.08 (1.00; 1.16) 1.08 (1.05; 1.10) 50.8 22.4
þ CRP 1.16 (1.08; 1.25) 1.07 (1.00; 1.16) 1.08 (1.05; 1.10) 52.5 1.6
Sexual abuse Anxiety/depression 1.09 (1.00; 1.18) 1.05 (0.96; 1.15) 1.04 (1.02; 1.06) 42.8 –
þ Smoking 1.09 (1.00; 1.18) 1.05 (0.96; 1.15) 1.04 (1.01; 1.07) 46.8 4.0
þ BMI 1.09 (1.00; 1.18) 1.02 (0.93; 1.12) 1.07 (1.04; 1.10) 79.0 32.2
þ CRP 1.09 (1.00; 1.18) 1.01 (0.92; 1.10) 1.07 (1.04; 1.10) 89.8 10.9
Emotional
abuse
Anxiety/depression 1.27 (1.19; 1.35) 1.21 (1.13; 1.30) 1.05 (1.03; 1.08) 23.8 –
þ Smoking 1.27 (1.19; 1.35) 1.22 (1.14; 1.30) 1.05 (1.02; 1.07) 21.2 2.6
þ BMI 1.27 (1.19; 1.35) 1.19 (1.11; 1.27) 1.07 (1.04; 1.10) 30.5 9.3
þ CRP 1.27 (1.19; 1.35) 1.18 (1.10; 1.27) 1.07 (1.04; 1.09) 30.4 0.1
Emotional
neglect
Anxiety/depression 1.20 (1.13; 1.28) 1.14 (1.07; 1.22) 1.06 (1.03; 1.08) 31.1 –
þ Smoking 1.20 (1.13; 1.28) 1.14 (1.07; 1.21) 1.06 (1.04; 1.08) 32.6 1.5
þ BMI 1.20 (1.13; 1.28) 1.13 (1.05; 1.20) 1.07 (1.04; 1.09) 38.2 5.7
þ CRP 1.20 (1.13; 1.28) 1.12 (1.05; 1.19) 1.07 (1.04; 1.09) 39.7 1.4
Physical
neglect
Anxiety/depression 1.19 (1.11; 1.28) 1.17 (1.09; 1.25) 1.02 (1.01; 1.03) 14.2 –
þ Smoking 1.19 (1.11; 1.28) 1.17 (1.09; 1.25) 1.02 (1.01; 1.04) 14.7 0.6
þ BMI 1.19 (1.11; 1.28) 1.14 (1.06; 1.22) 1.05 (1.03; 1.06) 28.1 13.4
þ CRP 1.19 (1.11; 1.28) 1.13 (1.05; 1.21) 1.05 (1.03; 1.06) 30.1 1.9
BMI, body mass index; CRP, C-reactive protein; CVD, cardiovascular disease; NDE, natural direct effect; NIE, natural indirect effect; TCE, total causal
effect.
Adjusted for age, year of birth, ethnicity, maternal smoking, number of siblings and family history of cardiovascular disease as baseline confounders, and for
education and Townsend deprivation index as intermediate confounders.
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evidence is still limited. A recent study using Mendelian
randomization suggests that depression and CVD co-mor-
bidity arises largely from shared environmental factors,
and that triglycerides and inflammation are likely to be
causally related to depression.41
BMI was also an important mediator in the relationship
between childhood maltreatment and CVD. It seemed to be
a major explanatory factor for the relationship of physical
abuse and neglect with CVD in men, and its contribution to
the association of physical abuse and neglect with CVD in
women was comparable to that of anxiety/depression.
Childhood maltreatment has been robustly associated with
higher BMI and risk of obesity in adults,42,43 and there is
strong evidence of a causal association between higher BMI
and CVD.44 Sex differences in the association between BMI
and CVD are not consistent42,45,46 and we found that the
contribution of BMI to the association between childhood
maltreatment and CVD differed in men and women.
Evidence suggests that childhood maltreatment is asso-
ciated with inflammation47–49 and that inflammation
mediates the association between childhood abuse and
hypertension.50 In women, inflammation explained more
of the indirect effect than smoking. Although CRP is not
causally related to CVD,51 its production is stimulated by
IL-6, which likely has a causal effect on CVD.52 CRP is af-
fected by both BMI48,53 and smoking,20 and these might
have already captured most of the effect of CRP, which
was entered last into the models. This might also explain
the relatively small additional contribution of smoking;
its indirect effect might have already been captured by
anxiety/depression,18 especially in women.54 Smoking
and BMI have bidirectional effects,28,29 but they might
also reflect two separate coping mechanisms, and individ-
ual differences might influence whether individuals are
more likely to adopt one over the other. Eating disorders,
for example, are more common in women and differences
by type of maltreatment and sex have been shown in the
association between childhood maltreatment and
eating disorders.55 Smoking, on the other hand, is more
prevalent in men56 and sex differences in the association
between childhood maltreatment and smoking have
been observed.57
Figure 3 Proportion mediated by mental health, smoking, body mass index and inflammation in men and women in the association between child-
hood maltreatment and cardiovascular disease (CVD)
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Even though for some types of childhood maltreatment
associations with CVD were mostly explained by anxiety/
depression, smoking, BMI and inflammation (e.g. associa-
tion between sexual abuse and CVD in women), for some
(e.g. associations of physical neglect and emotional neglect
with CVD in men), a large proportion (>70%) was not
explained by this set of mediators. Other pathways, includ-
ing adult SEP and other mechanisms for which we did not
have information, such as stress and changes in the neuroen-
docrine system, might play an important role. These and
other pathways should be explored in future studies.
Strengths and limitations
As with most large longitudinal studies, we used self-
reported retrospective measures of childhood maltreat-
ment, which precludes robust measurements of severity
and timing of the exposures reported and might be affected
by recall bias and/or measurement error.58,59 Although
there is poor agreement between retrospective and pro-
spective measures of childhood adversities,58 retrospective
measures have been shown to be valid in population stud-
ies, thought they might underestimate the association with
objectively measured outcomes, such as CVD.60
Information on exposure to childhood maltreatment was
assessed in a questionnaire completed after information on
mediators was collected (mediators were assessed at base-
line). However, childhood maltreatment, by definition, re-
lated to experiences in early life. The report of childhood
maltreatment could plausibly be affected by concurrent
mental health, such that individuals who develop depres-
sion or report increased psychological distress are more
likely to report an adverse childhood experience.61
Therefore, results found for anxiety/depression may be
overestimated, which would, consequently, underestimate
the additional contribution of the other mediators. Women
had a higher prevalence of depression, which might par-
tially explain the higher proportions mediated by mental
health in the associations between childhood maltreatment
and CVD in women than in men. That said, it is unlikely
that smoking status, BMI and CRP levels influence the re-
port of childhood maltreatment (independently of mental
health), hence reverse causality with these factors is im-
probable. Nonetheless, comparing and contrasting evi-
dence from studies with both prospective and retrospective
measures of childhood maltreatment is recommended.
We excluded prevalent cases of CVD at baseline, as
prevalent CVD could affect the mediators, which were
measured at baseline. When we compared mediators for
participants with prevalent and incident CVD, we found
that prevalent CVD cases at baseline had a higher mean
BMI and CRP, and were less likely to currently smoke than
incident CVD cases; the prevalence of depression was simi-
lar in women with CVD at baseline and in women who de-
veloped CVD during follow-up, and higher in men with
prevalent CVD than in men with incident CVD
(Supplementary Table S8, available as Supplementary data
at IJE online). We acknowledge that the exclusion of base-
line CVD might have resulted in the exclusion of the
majority of early-onset cases of CVD but, given the
wide age range of UK Biobank participants at baseline
(40–69 years), early-onset CVD cases were still captured as
incident cases (n¼ 1068 CVD cases before the age of 50).
This is important, as childhood maltreatment might have a
stronger association with earlier CVD than later CVD,8
and it is possible that the mediating pathways and their rel-
ative importance differ between early and late onset.
Measurement error or misclassification of the media-
tors, particularly smoking, also cannot be ruled out.
Ideally, we would have used better data on smoking, such
as number of pack-years of smoking, but there was a high
proportion of missing data (32%), due to missing on age at
which participants started and stopped smoking. Random
measurement error or misclassification on the mediators
would lead to underestimation of the indirect effect and,
therefore, overestimation of the direct effect of childhood
maltreatment on CVD.62
Previous studies have shown that childhood maltreat-
ment is associated with poor adult socio-economic out-
comes16 and that adult SEP mediates up to 27% of the
association between childhood adversities and health risks,
such as depressive disorder, smoking, binge drinking, obe-
sity and suboptimal health.63 Therefore, adult SEP should
be considered when trying to understand the behavioural,
mental health and biological mechanisms through which
childhood maltreatment affects CVD, as we were able to
do here. Yet, bias due to unmeasured confounding cannot
be ruled out. We were also able to decompose the total
effect into direct and indirect effects even in the
presence of exposure–mediator interactions, which is a
limitation of traditional mediation methods.10,64 Another
strength is that the large sample size enabled us to explore
mediating pathways of the associations between different
types of childhood maltreatment and CVD, as well as
by sex.
The main limitation of this study is the use of a subsam-
ple of UK Biobank, which itself includes <6% of the indi-
viduals aged 40–69 years who were invited to enter the
cohort and is not representative of the UK population.65
This can induce collider bias, which, in this case, would
lead to negatively biased associations;66 therefore, the
associations observed here are likely to be underestimated.
Causal mediation analysis relies on several strong
assumptions about no confounding between exposure–
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outcome, exposure–mediator and mediator–outcome asso-
ciations. We adjusted for several measured confounders in
the associations between exposures, mediators and out-
come, but we had no information on other important con-
founders, such as parental SEP, parental mental health
conditions, maternal age at birth and parents’ relationship
status. Therefore, bias due to unmeasured confounding in
these relationships cannot be ruled out. Although we be-
lieve the causal ordering of the mediators used in the analy-
ses is sensible, some associations are likely to be
bidirectional. However, results from sensitivity analysis
changing the sequential order of the mediators did not sub-
stantially differ from the main results.
We did not include diet and physical activity. However,
we believe that much of the indirect effect of these factors
on the total effect of childhood maltreatment on CVD is
likely to be via BMI and/or mental health.
Conclusions
Anxiety/depression, smoking, BMI and inflammation me-
diated part of the effect of childhood maltreatment on
CVD, varying from 26% to 90%, and the contribution of
these mediators differed by type of maltreatment and sex.
These findings contribute to understanding how childhood
maltreatment might affect CVD and highlight the potential
to reduce CVD burden by targeting modifiable mediating
factors.
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